Translation and mRNA degradation are intimately connected, yet the mechanisms that regulate 14 them are not fully understood. Here we studied the link between translation and mRNA stability 15 in embryonic stem cells (ESCs). Transcripts showed a wide range of stabilities, which correlated 16 with their translation levels. The protein DHH1 links translation to mRNA stability in yeast; 17 however loss of the mammalian homolog, DDX6, in ESCs did not disrupt the correlation across 18
INTRODUCTION 27
Gene expression is determined through a combination of transcriptional and post-transcriptional 28 regulation. While transcriptional regulation has been extensively studied, less is known about 29 how the regulation of mRNA stability contributes to overall mRNA levels. Mammalian mRNAs 30 display a wide range of half-lives ranging from minutes to over a day (Schwanhäusser et al., 31 2011) . The wide range of mRNA stabilities are regulated by both intrinsic sequence features as 32 well as the binding of regulatory factors such as microRNAs and RNA-binding proteins (Cheng, 33 Maier, Avsec, Rus, & Gagneur, 2016; Hasan, Cotobal, Duncan, & Mata, 2014; Wu & Brewer, 34 2012 ). However, the identity of such features and regulatory factors as well as how they impact 35 mRNA stability are not well understood. 36 37 One process that is intimately linked to mRNA decay is translational repression (Roy & 38 Jacobson, 2013) . Quality control mechanisms such as nonsense mediated decay, no go decay, 39 and non stop decay sense aberrant translation and lead to mRNA degradation (Parker, 2012; 40 Shoemaker & Green, 2012). Translational repression and mRNA decay are also linked 41 independent of either a quality control or a stress response (Huch & Nissan, 2014) . In yeast, 42 inhibition of translation initiation through either 5' cap binding mutants or drug treatment leads to 43 accelerated mRNA decay (Chan, Mugler, Heinrich, Vallotton, & Weis, 2017; Huch & Nissan, 44 2014; Schwartz & Parker, 1999) . Conversely treatment with cycloheximide, which blocks 45 ribosome elongation, stabilizes mRNAs (Beelman & Parker, 1994 regulation (Lu et al., 2009a) . Therefore, we measured and analyzed changes in mRNA stability 91 and translation efficiency during ESC differentiation. Surprisingly, we found that the vast 92 majority of molecular changes during this transition are driven by transcriptional, not post-93 transcriptional mechanisms. However, within self-renewing ESCs there was a wide range of 94 mRNA stabilities. These stability differences correlated with translational levels. We generated 95
Ddx6 KO ESCs to determine whether DDX6 links translation to stability. Unlike its yeast 96 homolog, DDX6 did not appear to play a general role in linking the two. However, its loss did 97 lead to the translational upregulation of miRNA targets with little associated changes in mRNA 98 stability. The resulting cells looked phenotypically and molecularly similar to cells deficient for all 99 miRNAs. Therefore, the loss of DDX6 is able to separate the two central functions of miRNAs: miR-290 mCherry miR-290 mCherry associated with blocking all transcription, we used those data for genome-wide analysis 143 (Bensaude, 2011; Lugowski, Nicholson, & Rissland, 2017) . Surprisingly, the 4sU/total mRNA 144 data showed very few changes in mRNA stability between the ESC and EpiLC states (Figures 145 1C, 1F) . This lack of changes was not because of noise among the replicates, as biological 146 replicates were well correlated ( Figure 1 -figure supplement 1D ). 147
148
The general lack of changes in mRNA stability suggested that transcription is the dominant 149 regulator of the mRNA changes during the ESC to EpiLC transition. Indeed, fold changes in 150 total mRNA levels correlated extremely well with fold changes in 4sU labeled nascent 151 transcripts (Spearman's rho 0.88; P < 2.22*10^-16 ) ( Figure 1D ). Thus, nascent transcription, 152 not mRNA stability, underlies the mRNA changes associated with the ESC to EpiLC transition. 153 154 Next, we asked whether changes in translational levels play an important role in the ESC to 155 EpiLC transition. To measure translational levels of all genes, we performed ribosome profiling 156 to collect Ribosome Protected Footprints (RPFs) and matched total mRNA (Ingolia, Lareau, & 157 Weissman, 2011). As expected, RPFs showed a strong 3 nucleotide phasing of reads that was 158 not present in the mRNA samples, confirming the quality of the data ( We next compared the polysome profiling data to the mRNA stability data. There was a highly 228 significant correlation between mRNA stability and translation levels across all genes 229 (Spearman's rho 0.2; P < 2.22*10^-16) ( Figure 2F ). These findings suggested a direct link 230 between translation level and mRNA stability. 231
Recent reports suggest that differential codon usage is a central mechanism in linking protein 233 translation to mRNA stability ( to measure changes in mRNA stability and translation. 4sU-Seq and total RNA-Seq showed that 254 while there was a minimal reduction of nascent Ddx6 mRNA, there was a drastic loss of mature 255
Ddx6 mRNA in the Ddx6 KO cells ( Figure 3B ). This destabilization is consistent with nonsense 256 mediated decay and further validates the 4sU-Seq assay for assessing changes in mRNA 257 stability. 258 . Therefore, we chose to focus on the consequence of DGCR8 loss 321 and DDX6 loss on these targets. As expected, the ESCC targets are stabilized relative to all 322 genes in the Dgcr8 KO cells ( Figure 4A ). However, these same targets showed little change in mRNA stability in the Ddx6 KO cells ( Figure 4B ). Therefore, DDX6 does not appear to play a 332 major role in transcript destabilization downstream of miRNAs. 333
334
The loss of DGCR8 also resulted in an increase in translation of ESCC miRNA targets 335 independent of its effect on stability, consistent with miRNAs both inhibiting translation and 336 destabilizing transcripts ( Figure 4C) . In contrast to the stability data, the loss of DDX6 had a 337 similar impact as the loss of DGCR8 on the translation of ESCC targets ( Figure 4D ). Indeed, 338 
